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In recent years one has witnessed, both in the Soviet

Union and abroad, a wide development .of investigations on

"the laboratory and industrial cultivation ot unicellular

algae. It is expected that they might be utilized in var-

,.-ious fields of national economy. The increa'sed interest in

this object is explained to a large extent by its potent-

ialities. Zn a number of oases (Sorokin, 1959) some!

strains of Chiorella double their' biomass every th~ree

hour. Zvon, in the case of a-donsity of I g of dry sub-.. .

It I stance of the algaL per I litre of the substrate tin a lay-

* or of 10 cm in thickness) one can harvest-within one year
:1

from 1 ha nearly 3000 tons of dry-biomass. Sincel'l litre

, o . the n.utrient medium will contain 10 g of cells - in all".'

* 1 1% "1 the -substrate weight -- I La .will yield during one

y year .ealy 30,000 tons of organic substances. If it were C

possibla to orsry this into effect on a large scale, this .
would have meant a revolution in agriculture, That is why

i ' .this problem deserves the greatest attention. Yet it seems'

Sto us that the theory and the practice oi mass cultures-of ' .], rthe algao prooda from somo fundamentally wrong principles '

which &rose historioally and inhibit at present the develop-

j i, mont and the geat potentialities of this now trend.

At present algao are oultivated in iass cultures for

the ollowing nationaland s .ientifio 'purposes
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1. As the initial material.for the production of

valuable preparations (for instance vitamins).

2b To obtain highly-activo -food additivo, i.e. a

biomaos the introduction of which in a smal.l oporion in-

to the feed ration of animals results in a sharp increaso ':>

of the animal growth. Such biomass contains a largo quant-'

ity of biologically aotivo substances.). To lbtain toddor In this cne the proportion of
"algal biomass in the food ration should amount to at leas',-.",

, .' .several per cent." : .'

4. To obtain fertilizers* This includes the cultiva-,

tion of the nitrogen-fixation algae for green manures and f
in the shape of the mother culture to be introduce& on rice.

fields * .:'I
.j.In the group of 'autographs' in the generation of

ecological cycles in a closed space.

6. To bring into practice the biological purification K
of various living and industrial waste products.

Each of these tasks presents to a large extent an in-

dependent trend -- with its specific problems and ways of

its realization. We shall analyse only the prospects and

the possible ways of solving the problem of cultivating I
algae an the feed biomass for agricultural animals. 7or

this end there are studied at present some representatives

.'of the protoooocus algae. The most favourite objects aro

the representatives of the genera Chlorella and Scenodesmue,

Research into-other algae is conducted much less frequent-:

ly. notwithstanding the diversity of methods and the large

number of apparatus and equipment9 the methods of mass

cultivation of algae have some common elemonta. Hero bo-

lona (1), forcd mixing of the liquid (bubbling, pumping,.

stirree eta*); (2) supplementary supplying of culturos with

oarbon dioxide (otheor than from the air) from bottles,
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1 " industrial waste gases etc.

As a rule one can cultivate algae also without stir-

ring and without application of additional C02. Howovar"

this results in a sharp decrease of growth of the cultures

used.

The cultivation of algae is not the end of the process

of biomass produotion. Moreovor, in a numbor o.7 oases it

".W, "is not even the most complex stage. 'The obtained culture

must be isolated from the liquid and concentrated* There

are known the following'methods of separating cells from

the mediums separation, aglut4 nation with acid, applica-

. +tion of coagulants, flotation, and usual settling. Bach of

these methods is entirely suitable under laboratory condi-

tiona. Howevor, the application of thoso methods to the

production of biomass in the semi-industrial cultivation of

algao results already in a series of c6mplioationa. And
none of these methods is suitable for large-scale industr- V
ial produotion. When the thickness of the liquid layer is

10 Om it is neoossar to treat 1000 m of the liquid i .'

order to harvest the crop from I ha, And eno when te

time of doubling of the cell number attains the theoretical
:"valuo it will be noooscary to pass through the oell-col- .. ,

leoting systems 8000 0 of liquid per a per 24 hours.

Zn each indu;try there exists a theoreaticallimit of

oapaoit y, which can be reached under specific conditions. :.

In the mass cultures of the algae this limit depends on

solar energ obtained by the algae. Yor tho industrial

sonditlons at which cultivation is conduotod on thousarAS

of ha, it is inexpedient to use artifioial lighting at

hon Geeoting rapidly-p. opagating straihe 'and croat-

ing for them-the optimum conditions, including tho hotbod

effoot azd the artifioial'heating in winter, one con aDsueu
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* that the quantit7 of assimilated energy attains 2V, i.e. a

magnitude which, though not easily, has been still realized

in practice.

During the optiium growth conditions the main limiting .

'factor which determines the biomass increment is the light.

S-4.Znd*ed, 6ne can soloot a very rapidly growing atrain,

choose for it the best conditions, create the successful

cultivator (sic) designs, but, in the case of the really *

mass cultivation, one will utilizo virtually only the sun-

light energy. 'Any artificial lighting will only contribute.

to the increase of production costs.

In the research b$ Stanko and others (1958) results

.. . •. are adduced for Kazakhstan -- a country highly favourablo

.. with respect to the amount of the incident solar enerGy.

After having treated the experimontal data adduced by the

authors, we obtained the following values: for the.altitude'

of 780 a above sea level there falls on the area of I ha*

during 24 hours 8.23x107 kcal of solar radiation in the

* visual spectrum range, and for the altitude of 2980 m -

1.15xI05 kcal per ha per 24 hours, .Assuming that the amount

of absorbed energy in terms of the incident one is 20%,

that the numbor of photons with the wavelonth of 5500 ,

. (i.e. a wavelength in the middlo of the spectrum), which

is consumed for the regeneration of one molecule of carbon

dioxide, is 4, and having carried out some simplifications

in calculations, we obtain the fol)owing magnitudes. At) the-altitude of 780 m abovi sea level the energy would suf-*.
tior ar obtaining-an alga harvest, which would amount to

10,950 quintals/ha of dry substance per rears, the corres-

ponding figure for the altitude of 2980 a being '15,250

quintals/ha. In ompar ison with the crop capacity of many

acrieultural oulturoo these figures can be undoubtedl y

*alle& eer ones, espeoaly if onetakes Into soount
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thiat tho yields of cultivated plants are usually oxprosGed

in Creon weight. Nevertheloss, the e.M~So to dry sub.

stance of the most fruitful cultures (such as maizo for

ailago, sugar-boot eto.) will reduco the usual productivity

number roughly by the factor of 4~-5

Under the mass-cultu's conditions one failed even to

approach the above-mentioned theoretically possible produc-

tivity figures.

According to the data of foreign literature, the pro-

ductivity of-the blue-green alga T1oly~othrix'tenuis,, then
conver'ts& to I ha, amounted to 700 quintal.s per year (Wata-

tab&ate al., '1959). According to the data of Li Shang-hao

eal* (1959), Sconedesmus oblialu~us produced a biomass of

750 4 uitalsha per year. In the Soviet Union this problem-F

was studied in most detail at the Biological Institute of

Leningcad University. The maximum increment corresponded,

to tho value whiah would reach 5'14.quintals/ha of biomass

Per year (Chesnokoy et al., 1960). -Higher crops can be ob-

taied under laboratory conditions. Thus, RMohkov (0194) : ..

*..quotes the increment figure of 40 g of dry substance rnom

I a2 during 24 hours* This corresponds to 1460 quintals/ha

SPer 7ear. However, the complex natura of the apparatus and,

We failed to find in literature and indications with

we spect to the cost price of the biomass of alga* cultivated

In mass cultivation.- Theref ore we shall addue below a

'theoretical analysis of this cost Price.
The most eoanonoal is-h method ofmixing lqiswith

Ithe &Aiof ikers. A sixevrzivan %7 a -WaotorwillI

hard17 be able to effect a satistatowr' nixig en an areaIS La xeesa of i~oO zn2. Rece a&%least 100 such mixers will
be required for i hM. fte thaetioa14 possible Annual

Inerement of 54$ Vuaal/ all VeOWir the Coasmp-

... .... ....



tion ot at least tho same quantity r carbon d~oio4ao(b7

woi. ,t). 7imally it will be indi'sponsable to soparate at

least onoe in everv 24 hours the culture liquid to isolate *W

the rapidly growing biomass, i.e. 1000,m3 from oach hoctaro,•

One of tho existing contrisusoo, with'a motor of 10 W9 on-

suros the separation of cells from 100 li.roo in the

ou,-so of I hour. Loe us assume that we shall succeed in

inoreasing the productivity of the separators tonfoldand

* Also to increase by the factor of 10 their charactoriotic

, par apparatus. Then the apparatus with a power of 100 J

will be able to breat 10 m of the liquid in tho course of

I hour. Ton such apparatus will be required'to effect the

separation of the culture liquid at ni~ht. Consequently to

r ,:. produce 15,250 quintals of dry biomass:±it will be necoaclcd"

tO onsaume '800qQOO kWh of electrical onery.yea.jy. If *"

*we assume that the depreciation of the equipment equals thao

. value of the onerg which passes through it, and if we add'

to this the commercial value of carbon dioxide, we shall'

find that I quintal of dry biomass will coat 350.20

' oubles. And this figure does not include the cost of the

building wher, the algae are cultivated' the wagos of tho

4 " service personnel, nor the transport and other costs.

"or the sake of comparison let us remind that the con-

m. ro li~ value of I quintal of potatoes is 9 roublos. The

iroveamenot of teohnical moans will raduo the cost price

S . ,of the biomass, but. even in this case it will be higher

,. tha the cost price of odnary feeds.

.he fundamental criterion of the expedioncy of an Ltd-

SUst7 a its pfiaeness. At present we May call ro,-

i . table the mass cul es o alsae whiob an gown for -o- , ,
. al" g valuable pxuts e.. eeam, haps it to

, 1 also pofitable to podue a biomass whioh contain* bolo-
a . . re e a r ue use as fodee addivive,.

s o " 6 - " S
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Boidoo tho achiovoaont of the method of conoontration"

of the biomass, for insancut by the biological coagulation

in air tanks'of a certain typo, there will be likewino pro- , .

Sitablo the culture of algao which propagato during the

purification of.aeowago, sinco all oxponooa for tho cultiva-

tion of algae are relatod here to the oreanization of the' 7.

..purification process of effluents, and the cost of the bie- " . ,

mass equals vi57tuall, the expenses for the concentration of . .

the biomass from the culture liquid. :'""

A spooial introduction of the mass oulturea of algao:.,

' hth a view to obtaining food biomass is, as follows rom ; .1 '.

calculations, not yet profitable. Moreover, given the pro-1..

sent principles of the cUtivation of mass cultures, this

is no 4. o happen at all in the more or loss near •.

future. To render the production of food on the base of

' the mass algal cultures profitable, it is indispensable to . •

proceed from other principles of.organization of the pro- * -

.a' c es of cultivation and culture selection. .

The e:01sting criteria of the mass cultivation of algae

wero torznod on the basis Of A randomly chosen object -

Chiorella. One transferred into industrial production the

. labovnto' techniques of cultivation of this organism:
."'feoed mixing, artificial aupl~ying with carbon dior-Ade, .

indispensability of a oomplicated system of the removal oI

biomass etc. This is explained b7 the fact that Chlorella

-had been studied for a long time ts a ooqvenient laboratodr ..

.odel. Zlta pbysioloS and bioohomist are bett r known "
than for othor alp*. ?or this oranica suitable eoapo..,

tions of nutrient media had been developed, and the condi-

.tas of oultSvaticn were aloe well developed *von prior to

lavesti ationa into masa cultures. 7inallT, a pood effot

Vas obtalnod ismodtely the cultures were started, i.e.

the alae 4 row and did not die avay. his' was the

" 0
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cause of the "Ohlorella hypnosis. The ctiro p-oblom of I .
the mass cultures of algao was viewed through the Chlorella r

prism, and the ontiro technology of cultivation was croatod

started from the basic foundations of Chlorolla cultiva-

tion. This alga became a standard of a kind. All main

strains were compared! tith it, under conditions which had;

'been specifically developed for Chlorella.

• '** Gonsequently there were adopted as criteria for maos s.

cultivation: no special claims to the medium, fast growth

rate (from the data of laboratory investigations), high ,

.protein content, high competition with respect to the con- "

" taminating micro-organisms. Sometimes the culture require-

monte can be given in much more detail. Thus, Vladimirova

' and Somenonko (1962). indicato that, in order to be used in

' mass cultures, the algal strains should saitisiy the f ollow-

.ing requirements: high photosynthesis intensity during

cultivation on mineral media with a high concentration of

- salts; high growth energ when illuminated with high-in-

tensity light; thermophilio properties; high resistance

against the penetration of extraneous orgaism and ability .

to suppress the growth of the choking microflora (bacteria

and algae). It should be also mentioned that the most .. ,

c convenient for use in industrial cultures are the unioell-

ular or eal-colony forms of algae.

With respect to ChIorolla the above-mentioned require-

Senta are oertainly expedient. However, under conditions ,

. app erod for ghlo~Egla, other species may pow badly, and..+,.

the Insuficieont investigation of their physiology does not

permit to elucidate tbh optimum oonditions for their cult-

utost bUsidos, the conditions which are beat for Chlorolla,

ar not best from the economic point of viov. Wo think

that the man oulttr of algaO san bo only oomparod with " I

nltivated plUnts, sinc the formor can be ,ustiflod only

S - -. . 090



, i 'f they glive a higher biomass yield than tho lattor do. :o

intermediate standard: (of the Chlorella typo) is roquJ-d.o

. here. * •

• . In the case of cultivated planto there aro no oxpensco'

rolated to the separation, mixing of the liquids, add --"V'o-

al oupplying with gaaeou- oobon dioxido oo. Tho oritoria

of the mass cultivation o: algao should procood from thooo

facts. We taink that the strains used in cultures, and. tho I.

process itself of their cultivation should meet the follow-

Ing requirements.

1. T .culture should be 2apale of. ,good Zrow.h
without'm xin. ;n the oaao of" Chlorol~l this roquiromont

is unaooeptablo. Mixing improves the gas oxohanCo, the

oonditiom f illumination, and prevents the soqtling of to.

c culture. Settling worsens the growth of unicellular algae I

in nature, where in anumbar 'f oases the mixin.

is lacking. However, za4 algae grow fairly intensively ,

under these conditions. To tell the.truth, Chlorolla has ,

a poor growth under such conditions. Zt is therefore

nooessary to look for the strain* in other groups of algae.

Proceeding from general aonaiderations It 4 pears that off

promiso may be the strain& whioh grow as a film either on

the surface of the liquid or under Its thin layer on the

bottom of the cultivation vessel.

2* . e ou.turl .houldgrow .ih .uS 2ditionl.feoin
with gaseoua arbon dioxide. The ooplications related to

additional feoding with carbon dioxide arO of twofold nat- I
uro. - n the first plooo, the supply of gooous carbon i-. I
oxide from oylindors is oxponsvo. Secodl, a suitable I
plant In the vioinity Is iidioponsable. The additional

9eodiAn itsolf oomplica-eo tho procosa of oultivation.

TA natuao, the higher plants, and tho algae, thrive

n the o4inary atmoapheric carbon dioxide.. owevoer, both

m9.



kinds of plants react positively to the incroaco (within

certain limits) of this gas in the atmosphoro. Unliko the

higher plants soma alcao are ablo to acsimilato ca.bon f-om

solutions of carbonates, These compounds aro much choaporb

and oaoior transportable than carbon dioxido in cacoouc

state. Therefoze, when choosing culturos for the mass

c cultivation of algae, oe should give profornoc to those *

which, firstly, grow fairly well at the usual CO2 content of

air, and, secondly, utilize intensively the carbonate

carbon.

3. The culture should erow without combined nitroon

nearlo as well -q in its presence. A sterile mass culture

< is virtually impossible. ?oroover, it is also inexpedient

from the point of view of economics. However, the entry of

various mioro-organisms ittO tho cultivation V083010 is not

always without Lifeot. According to our observations the

,'cultures of algae suffeor mobt frequently from algal contam-

ination. Blue-green algae can develop in vessels with

Chlorolla, and vice tersa. Such contamination results al- '

most always in a sharp drop of the biomass crop. 

The reprosontativos of the genera Chlorolla and Scon-

doamus appear particularly frequently as the contaminating

agont. Their interrelations and the final result depend 'to

'a ltrgo extent on the composition of the nutrient medium.

* .and on the conditions of cultivation. I qne utilizes

nitrogen-fixing algae and a nitrogon-free medium, the ro-

Pult of the struggle between the growing culture and the

oorta iating culture will nearly always turn out to the

benefit of tbe former. Only if the contaminating culture

is also a nitrosen-fixing one, does the state of affairs

become complicated. However, the probability of this 00- "

OVX reucO is immeasurably leas than the possibility of con- ,

tamiatiOn with nitrogen-non-tixina ou2tuxos, ,osidoa,

10i



to be competitive with th° maiz cultureo, the Contamina1ting

nitrogon-fixing agent ought to have a higb Srowth rato
I and this is seldom tho-oase. ,

In principle the mass culture can be conducted when

the fixed-nitrogen content of the medium Is low, and when

contamination is detected one can atop oomplotely the

supply of nitrogen. It strains are usod, which grow well V
S without nitraen salts (sic), th-4s simplifies and cheapens '..

even more the process of production of algal biomass*
4. The culture ouht t rbe thera°'tlerant'. I Is

at p-esont &ILmost generally accepted that most promising

are the thermophilic algae, X-vertheless it seems to us

that this is n.ot the case. We call thermophilia those

micro-organisms which crow better nb hihor ng.r., aI,,ra .

"10 sdk-4 *4 .4' 1-. a , .5 ,04a sWXi£s.olhilic organioma are re-

* ally promising. However, in the mass oAltivation of algae

the higher temperature in the cultivating vessels is not .

* likely to be maintained during a greater part of the day.

This is t&ntamount to saying that the thermophilic organ-

Lam wil noAt be able to develop at their optimum temperat- " ,

' ure. Also the . 'mesophilz ./ will find them- "

solves in a disadvantageous position. in the best condi- -

tions will be algae with an extended temperature optimum,

which do not fear a temperature rise and do not stop their.

growth in this caso,
The peaation of biomass should be carrid out

with simple and economically advantageous zethods. At

f first sight this is a merely technical .problem, We thiDk

. nevertheless that it completely depends on the organism

C chosen and on its growth characteristic. Vor Chlorella it ..

is difficult to expect a simple solution o this problem. " '
BUt when the cells of the Algae will form large aggregates, "

which settle rapidly, settling itself will make it possible,!

Ir' -



to concentrate the biomasa:to such an extent as to separat

"it subsequently. Even still more simply and economically

more advantaGeously one can collect with Goraper. th Acult-

ure crop that grows as a film on the bottom of the buildinz,

Pinally, when the algae will grow as a film on the surfaco

of the liquid, it will be possible to collect them with

*rakes.

6. chi sulture must not be toxic. To be used as feed

• the biomass must not be toxic, or at least its toxicity

should.be removable by such uncomplicated methods as drying

* ::" '" : 0or short preparation.
, .' 7.. The_.culture liquld should be utilized. The algae

• IB II II II El U J I 1 ll IS JB l lt MI II Il organic
": "" "secrete into the medium a considerable quantity el/sub-

~stances. Theroefore the problem of utilizing these sub-

:" " " :. stances is very urgent. •This liquid can be fed to animals*

" " ,However this is practicable when the culture contains a re-,

latively small quantity of liquid. A very high biomass

.concentrationis not compulsory. Thus, for some blue-green

algae the dry-matter content of the green biomass is los

than 4%. Sonsequently, when the density of the dry. matter .

is 10 g/l the cells will contain not less than a quarter of*
. the entire liquM'. It is possible in principle to obtain

' .. even a considerably higher densite. Consequently the

quantity of the supernatant liquid will be comparatively
K,:. I

small.

* ' To put these principles into practice it is indispens-

I able to ahango r*dioally the practice of culture seloctiun.
Up till now the work used to begin with the utilization of

the strain already ,available in collections. Instead, it

.'is necessary to begin with the isolation of strains select-

*ad in nature, which would moot the established ,oquiro-

mouts. The initially selected cultures, just ao tho oulti-

vatod planta, must undergo a coootion. oNoxt it is noooon-
12 4'
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. ary to study the pbysiol.o7 g o utrition of-tho obtanod '

varlAntal and only thon to chock thorn In mcaoc oultuos. I

-Dooms to us that only thon is it posciblo two oxpoci a pro-

""gross in the mass cultivation of algae with a view to ob-

taining a biomase to be used an toad.

A question may ariso --. are the enumeratod roquiro-
meits not too impracticable? According to previous results n

the answer is- no. At the prosent time cultures were

obtained at the Institute of Microbiology and VirusoloM of

the Academy of Sciences of the Ukr.S.S.,R. whioh grow on

the surfaco of water and can be therefore easily" separated
from the medium, which assimilate th 'carlon from carbonates,.

do not require mixing and grow well as the exponse of at-

mospherio nitogen, and finally are resista*t to tomperat-

urea up to 40 0.

It should be hoped.that further research, based on the ..

above-mentioned criteria, will result in strains which are

even bettoer than those obtaino&, till now.,
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